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(54) End mill

(57) Provided is an end mill having a gash capable
of ensuring excellent chip discharge performance and of
preventing stress concentration, without losing the rigid-
ity of a top portion of an end mill body.
In a cross-section perpendicular to an intersecting ridge-
line between an end cutting edge rake face (6A) and a
gash bottom face (6B) of a gash (6), the gash bottom
face (6B) and the end cutting edge rake face (6A), and
the gash bottom face (6B) and the gash wall face (6C)
are respectively connected together by first and second

connecting faces (8A and 8B). In the cross-section, these
connecting faces have a form which is a concave curve
or a substantially concave curve formed with straight
lines. The radius of curvature (R1) of the concave curve
or the radius of a circle inscribed in the straight lines form-
ing the substantially concave curve about the first con-
necting face (8A) is larger than the radius of curvature
(r1) of the concave curve or the radius of a circle inscribed
in the straight lines forming the substantially concave
curve about the second connecting face (8B).
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Description

[Technical of the Invention]

[0001] The present invention relates to an end mill in
which:

a flute is formed in the periphery of a top portion of
an end mill body;
a gash is also formed in the top of the flute;
the wall face of the gash which faces the end mill
rotating direction is an end cutting edge rake face;
and
an end cutting edge is formed at the top of the wall
face.

[Background of the Invention]

[0002] End mills, such as a square end mill, a radius
end mill, and a ball-nosed end mill, are known: wherein
a gash is formed in the top of a flute formed in the pe-
riphery of a top portion of an end mill body;
the gash has a shape which is like a shape formed by
cutting out a wall face of the flute which faces an end mill
rotating direction;
the wall face of the flute which faces an end mill rotating
direction, is an end cutting edge rake face; and
an end cutting edge is formed along a top side ridge por-
tion of the wall face.
[0003] For example, Patent Document 1 mentions
such end mills wherein:

an intersecting ridgeline is between the end cutting
edge rake face and the gash bottom face of the gash
which faces the top side of the end mill body;
another intersecting ridgeline is between this gash
bottom face and the gash wall face of the gash which
faces the rear side in the end mill rotating direction;
a cross-section, which is perpendicular to a direction
in which at least one of the intersecting ridgeline ex-
tends, shows that this intersecting ridgeline portion
has a form like a concave curved shape;
the concave curve formed in the cross-section of the
intersecting ridgeline has a radius of curvature; and
the radius of curvature at the outer peripheral side
of the end mill body is longer than that at the inner
peripheral side of the end mill body.

[0004] Also, Patent Document 2 mentions a ball-nosed
end mill wherein:

a gash having a V-shape in a cross-section perpen-
dicular to the flute of the gash, is provided at a hem-
ispherical portion of an axial top; and
a radius cutting edge is formed along this gash.
Further, in this end mill,
the cutting-edge-rear-side side wall which
is one of side walls paired with each other in the V-

shaped gash, and
is on the opposite side to the radius cutting edge;
has a concave surface which is smoothly concave
in a cross-section perpendicular to the flute of the
gash.

[Related Technical Document]

[Patent Document]

[0005]

[Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2005-125433
[Patent Document 2] Japanese Unexamined Patent
Application Publication No. 2008-44038

[0006] In the end mill described in Patent Document
1, the intersecting ridgeline is between the end cutting
edge rake face and the gash bottom face, and also the
other intersecting ridgeline is between the gash bottom
face and the gash wall face.
If one of the above two intersecting ridgelines has a form
like a concave curved shape in a cross-section perpen-
dicular to the direction in which the intersecting ridgeline
extends;

the other intersecting ridgeline must have a form in
which
the end cutting edge rake face and the gash bottom
face intersect each other at a not so great angle, as
if a face were sharply bent; and/or
the gash bottom face and the gash wall face intersect
each other at a not so great angle, as if a face were
sharply bent.
Therefore, the chips, which are generated by the end
cutting edge and flow along the end cutting edge
rake face, may cause clogging; and also this may
hinder smooth chip discharging.

[0007] Additionally, in the above case wherein
the end cutting edge rake face and the gash bottom face
intersect each other at an angle,
and/or
the gash bottom face and the gash wall face intersect
each other at a not so great angle; stresses tend to con-
centrate at the intersecting ridgeline, and then the con-
centration of such stresses may cause a crack.
Thereby, the top portion of the end mill body formed be-
tween the gashes may be fractured.
In addition, problems similar to the above problems also
exist in the end mill described in Patent Document 2:
since, in this end mill,
the concave surface formed on the cutting-edge-rear-
side side wall intersects the radius-cutting-edge-side
side wall at a not so great angle; or
the concave surface is connected with the radius-cutting-
edge-side side wall by a concave circular-arc having a
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small radius.
[0008] Meanwhile, in the end mill described in Patent
Document 1;
the intersecting ridgeline between the end cutting edge
rake face and the gash bottom face has a form like a
concave curved shape in a cross-section; and
the intersecting ridgeline between the gash bottom face
and the gash wall face has a form like a concave curved
shape in a cross-section too.
In particular, Fig. 3 of this Patent Document 1 shows that
the gash bottom face itself becomes a concave circular-
arc shape with a large radius of curvature, by which the
end cutting edge rake face and the gash wall face are
smoothly connected to each other. In such a case, the
chips can flow smoothly; and the stress concentration
does not arise.
[0009] In this case, however, since the end cutting
edge rake face and the gash wall face need to be con-
nected together by a concave circular-arc having a large
radius of curvature, the width of the gash increases.
Additionally, the thickness (back metal) of the top portion
of the end mill body decreases; and then the top portion
loses its good rigidity.
The top portion of the end mill body
is located on the rear side of the end cutting edge in the
end mill rotating direction,
and
is formed between the gashes.
Further, this problem becomes especially significant in
an end mill wherein

the number of end cutting edges is three or more,
the number of gashes is also three or more, and
the top portion thereof is largely cut out to form the
gashes.

[Summary of the Invention]

[0010] The present invention was made against such
a background; and the object thereof is to provide an end
mill having a gash capable of ensuring an excellent chip
discharge performance and of preventing stress concen-
tration, without losing the rigidity of a top portion of an
end mill body as described above.
[0011] In order to solve the above problems, and
achieve such an object, the invention provides an end
mill in which:

an end mill body rotates on an axis;
a flute is formed in a periphery of a top portion of the
end mill body;
a gash is formed in a top portion of the flute;
the gash has a shape which is like a shape formed
by cutting out a wall face of the flute which faces an
end mill rotating direction;
a wall face of the gash, which faces the end mill ro-
tating direction, is an end cutting edge rake face; and
an end cutting edge is formed along a top side ridge

portion.
A gash bottom face of the gash is formed between
the end cutting edge rake face and the wall face of
the gash which faces the rear side in the end mill
rotating direction.
Connecting faces connect the gash bottom face and
the end cutting edge rake face, and connect the gash
bottom face and the gash wall face.
The connecting faces have a concave curved shape
or a substantially concave curved shape formed with
straight lines in a cross-section perpendicular to an
intersecting ridgeline between the end cutting edge
rake face and the gash bottom face.
The connecting face, which connects the gash bot-
tom face and the end cutting edge rake face, is a
first connecting face.
The connecting face, which connects the gash bot-
tom face and the gash wall face, is a second con-
necting face.
A radius of curvature of the first connecting face is
larger than a radius of curvature of the second con-
necting face in the above cross-section; or
A radius of a circle inscribed in the straight lines form-
ing the first connecting face is larger than a radius
of a circle inscribed in the straight lines forming the
second connecting face in the above cross-section.

[0012] In the end mill having the aforementioned con-
struction; the end cutting edge rake face, the gash wall
face, and the gash bottom face compose the gash. As
mentioned previously, the connecting faces having a
concave curved shape or a substantially concave curved
shape formed with straight lines in a cross-section,
connect the gash bottom face and the end cutting edge
rake face along an intersecting ridgeline between them,
and
connect the gash bottom face and the gash wall face
along an intersecting ridgeline between them, respec-
tively.
Thus, if intersecting angles, between the end cutting
edge rake face and the gash bottom face, and between
the gash bottom face and the gash wall face, are the
same; the stress concentration decreases, and also the
chip discharge performance can be improved as com-
pared to a case in which the above intersecting angles
are not so great.
[0013] The connecting face which connects the gash
bottom face and the end cutting edge rake face, is the
first connecting face; and also
the connecting face which connects the gash bottom face
and the gash wall face, is the second connecting face.
The first connecting face has a radius of curvature which
is larger than that of the second connecting face in the
above cross-section; or
the radius of a circle inscribed in the straight lines forming
the first connecting face is larger than that of a circle
inscribed in the straight lines forming the second con-
necting face in the above cross-section.
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That is, the first connecting face, which connects the gash
bottom face and the end cutting edge rake face, is formed
so as to be curved more greatly than the second con-
necting face.
Thus, the chips can flow from the end cutting edge rake
face, to the gash bottom face in good condition in a similar
manner to the case where the whole gash bottom face
has a concave circular-arc with a large radius of curvature
in a cross-section.
[0014] On the other hand,
the second connecting face has a radius of curvature
which is smaller than that of the first connecting face in
the above cross-section; or
the radius of a circle inscribed in the straight lines forming
the second connecting face, is smaller than that of a circle
inscribed in the straight lines forming the first connecting
face in the above cross-section.
Thus, the chips can flow smoothly even if the gash does
not have such a large width.
Therefore, the end mill having the aforementioned con-
struction can exhibit a good chip discharge performance
by improving the flow of the chips, and can also exhibit
good rigidity by maintaining the wall thickness of the top
portion thereof as well.
[0015] Here, concerning the above first and second
connecting faces, it is preferable that:

the radius of curvature of the first connecting face is
in the range of from 0.04�D to 0.08�D, or
the radius of a circle inscribed in the straight lines
forming the first connecting face is in
the range of from 0.04�D to 0.08�D,
in the cross-section.

D is the external diameter of the end cutting edge.
If the radius of curvature of the first connecting face, or
the radius of curvature of the inscribed circle about the
first connecting face, is smaller than this range; the chips
cannot smoothly flow through the first connecting face.
Further, since the radius of curvature of the second con-
necting face, or the radius of curvature of the inscribed
circle about the second connecting face, is smaller than
that of the first connecting face; chip clogging and/or
stress concentration may arise thereat.
On the other hand, even if the radius of curvature of the
first connecting face, or the radius of curvature of the
inscribed circle about the first connecting face, is larger
than this range; the radius of curvature of the second
connecting face, or the radius of curvature of the in-
scribed circle about the second connecting face, need to
be excessively small to avoid increasing the width of the
gash.
[0016] Additionally, for the same reason,
the radius of curvature of the second connecting face is
in the range of from 0.01�D to 0.05�D, or
the radius of a circle inscribed in the straight lines forming
the second connecting face is in the range of from
0.01�D to 0.05�D, in the cross-section, preferably.

D is the external diameter of the end cutting edge.
That is, if the radius of curvature of the second connecting
face or the radius of curvature of the inscribed circle about
the second connecting face is smaller than this range,
chip clogging and/or stress concentration at the second
connecting face may arise.
On the other hand, if the radius of curvature of the second
connecting face, or the radius of curvature of the in-
scribed circle about the second connecting face, is larger
than this range; the radius of curvature of the first con-
necting face or the radius of curvature of the inscribed
circle about the first connecting face need to be longer
than that of the second connecting face, and then the
width of the gash may increase.
[0017] In addition, as the motioned above,
since the gash having a small width enables the top por-
tion of the end mill body to maintain good strength; ap-
plying this invention to an end mill in which three or more
end cutting edges are formed at the top of the end mill
body is particularly effective.
In other words, even if a gash has a large width, an end
mill having such a gash, and having one or two end cutting
edge(s) can hold a sufficient wall thickness for the top
portion of the end mill body formed between the gash
and the next gash on the rear side of the end cutting edge
in the end mill rotating direction.
However, for an end mill having three or more end cutting
edges, holding such a large wall thickness is difficult.
[0018] As described above, since a gash of the inven-
tion does not have such a large width; such a gash
enables the top portion of the end mill body to improve
its rigidity, and also
enables the chips generated by the end cutting edge to
flow smoothly.
Thus, a good chip discharge performance can be se-
cured; and also stress concentration can be prevented.
Therefore, the top portion of the end mill body can be-
come free from fractures; the tool life of the end mill is
extended; and stable milling can be performed.

[Brief Description of the Drawings]

[0019]

[Fig. 1] Fig. 1 is a side view with a partial sectional
view showing a first embodiment of the invention.
[Fig. 2] Fig. 2 is an AA magnified sectional view in
Fig. 1.
[Fig. 3] Fig. 3 is another magnified sectional view,
equivalent to the AA magnified sectional view in Fig.
1, showing a second embodiment of the invention.

[Detailed description of the Preferred Embodiments]

[0020] In a first embodiment of the invention shown in
Figs. 1 and 2, an end mill body 1
is made of a hard material, such as cemented carbide;
and
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has a substantially cylindrical shape in which an axis O
is its center axis.
A rear end part (a right part in Fig. 1) of the end mill body
is a shank part 2 having a cylindrical shape; and also a
top part (a left part in Fig. 1) of the end mill body is a
cutting edge part 3.
As the first step, the shank part 2 is fixed to a spindle of
a machine tool. Further, when rotating the end mill 1 in
an end mill rotating direction T on the axis O, and then
feeding the end mill in a direction intersecting the axis O;
the cutting edge part 3 cuts into a workpiece to machine it.
[0021] Three or more (four in this embodiment) flutes
4 in a helix shape in the reverse direction of the end mill
rotating direction T around the axis O from the top side
toward the rear end side, are formed in the periphery of
the cutting edge part 3.
A cross-section perpendicular to the axis O shows that;
wall faces of these flutes 4 facing the end mill rotating
direction T, have a concave curved shape concave back-
ward in the end mill rotating direction T. Also, periphery
cutting edges 5 are formed along the periphery ridge por-
tions on the cutting edge part, respectively.
Therefore, the wall faces become rake faces of the pe-
ripheral cutting edges 5, namely, peripheral cutting edge
rake faces 4A.
In this embodiment, the four peripheral cutting edges 5
are formed helically in accordance with the helical shape
of the flutes 4 in which the peripheral cutting edge rake
faces 4A are formed.
[0022] On the other hand, gashes 6 which extend ra-
dially inward from the flutes 4, are formed at a top portion
of the end mill body 1.
Wall faces of the gashes 6 facing the end mill rotating
direction T, have a form which is like a shape formed by
cutting out the wall face 4A at only the inner peripheral
side of the wall face 4A, or from the inner peripheral side
of the wall face 4A to the periphery of the end mill body 1.
End cutting edges 7 which extend radially inward from
the tops of the peripheral cutting edges 5 toward the inner
peripheral side of the end mill body 1, are formed along
the top side ridge portions of the wall faces.
[0023] Accordingly, in this embodiment,
the wall faces of the gashes 6 which face the end mill
rotating direction T, become rake faces of cutting edges
7, namely, end cutting edge rake faces 6A: and
the four end cutting edges 7 have a linear form which
extends radially inward from the outer peripheral side of
the top portion of the end mill body 1 towards the inner
peripheral side thereof. The number of the end cutting
edges 7 is three or more, the same as that of the periph-
eral cutting edges 5. In this embodiment, there are four
end cutting edges 7.
Here, the end mill of this embodiment is a square end
mill having a form in which:

a rotational locus of each peripheral cutting edge 5
on the axis O is a substantially cylindrical shape hav-
ing the axis O as its center; and

the rotational locus of each peripheral cutting edge
5 intersects a rotational locus of each cutting edge
7 on the axis O at approximate right angles.

[0024] Moreover, each gash 6 includes:

a gash bottom face 6B which is connected to the
portion of the end cutting edge rake face 6A on the
forward side in
the end mill rotating direction T, and
faces the top side of the end mill body 1 in the direc-
tion of the axis O;
and
a gash wall face 6C which is connected to the portion
of the end cutting edge rake face 6B on the further
forward side in the end mill rotating direction T, and
faces the rear side in the end mill rotating direction
T so as to face the gash bottom face 6A.

In this embodiment, the gash wall face 6C also has an
even shape, and extends to the top side in the direction
of the axis O so as to be apart from the end cutting edge
rake face 6A as it goes to the top side. Therefore, a side
view of the end mill body 1 shows that:

the gash 6 is a V-shaped flute whose width increases
gradually toward the top side; and also
the gash 6 has a form whose width increases grad-
ually toward the outer peripheral side.

[0025] In this embodiment, as shown in Fig. 2, a cross-
section, which is perpendicular to an intersecting ridge-
line between the end cutting edge rake face 6A and the
gash bottom face 6B, shows that the end cutting edge
rake face 6A and the gash bottom face 6B are smoothly
connected together by a first connecting face 8A having
a concave curved shape.
Also, as shown in Fig. 2, a cross-section, which is per-
pendicular to an intersecting ridgeline between the end
cutting edge rake face 6A and the gash bottom face 6B,
shows that the gash bottom face 6B and the gash wall
face 6C are also connected together by a second con-
necting face 8B having a concave curved shape. Further,
the above cross-section shows that:

the radius of curvature R1 of a concave curve formed
by the first connecting face 8A is larger than the ra-
dius of curvature r1 of a concave curve formed by
the second connecting face 8B.
The above intersecting ridgeline is an assumed
ridgeline where the extended end cutting edge rake
face 6A and the extended gash bottom face 6B in-
tersect each other.

[0026] In this embodiment, the above cross-section
shows that the first connecting face 8A and the second
connecting face 8B have a form which is a concave cir-
cular-arc shape, respectively.
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The radius of curvature R1 of the concave circular-arc
formed by the first connecting face 8A, is set in the range
of from 0.04�D to 0.08�D in the above cross-section;
and
the radius of curvature r1 of the concave circular-arc
formed by the second connecting face 8B, is set in the
range of from 0.01�D to 0.05�D in the above cross-
section, respectively.
Here, D is the external diameter of the end cutting edge 7.
In addition, the gash bottom face 6B may remain in an
even shape between both first and second connecting
faces 8A and 8B; or
the gash bottom face 6B may be a common tangent por-
tion which both first and second connecting faces 8A and
8B having a concave curved shape in the cross-section
touch smoothly.
[0027] In the end mill having such a construction,
the end cutting edge rake face 6A and the gash bottom
face 6B do not intersect each other at an angle, but the
first connecting face 8A having a concave curved shape
in the cross-section connects them smoothly; and also
the gash bottom face 6B and the gash wall face 6C of
the gash 6 do not intersect each other at an angle, but
the second connecting face 8A having a concave curved
shape in the cross-section connects them smoothly.
Thus, the stress caused by cutting force, etc. does not
concentrate at the intersecting ridgeline. Further, the in-
tersecting ridgeline becomes free from cracking caused
by such stress concentration. Therefore, the end cutting
edge 7 can be prevented from fracturing, and then the
tool life of the end mill can be extended.
[0028] Furthermore, as mentioned above, in this em-
bodiment,
the end cutting edge rake face 6A and the gash bottom
face 6B do not intersect each other at an angle, but the
first connecting face 8A having a concave curved shape
in the cross-section connects them smoothly; and also
the gash bottom face 6B and the gash wall face 6C of
the gash 6 do not intersect each other at an angle, but
the second connecting face 8A having a concave curved
shape in the cross-section connects them smoothly.
Therefore, the chips, which are generated by the end
cutting edge 7 and should flow out along the end cutting
edge rake face 6A, can flow smoothly and can be dis-
charged without the occurrence of chip clogging at the
intersecting ridgeline between the end cutting edge rake
face 6A and the gash bottom face 6B, or at the intersect-
ing ridgeline between the gash bottom face 6B and the
gash wall face 6C.
[0029] Moreover, the radius R1 of the first connecting
face 8A which connects the end cutting edge rake face
6A and the gash bottom face 6B is larger than the radius
r1 of the second connecting face 8B which connects the
gash bottom face 6B and the gash wall face 6C.
Thus, while the chips are going from the first connecting
face 8A to the second connecting face 8B; the chips grad-
ually receive resistance force, and then the resistance
force gradually makes the chips curl. Therefore, a great

cutting resistance is not applied to the end mill body 1
compared to a case in which the chips receive resistance
force in a short time, and then the resistance force makes
the chips curl in a short time. This construction also can
extend the tool life of the end mill, and then smooth cutting
work can be performed in good conditions.
[0030] Also, as described above, the radius R1 of the
first connecting face 8A is larger than the radius r1 of the
second connecting face 8B. In other words, the radius r1
of the second connecting face 8B is smaller than the ra-
dius R1 of the first connecting face 8A.
In the end mill having the above construction,
compared to a case in which a connecting face having a
large radius such as the radius R1 of the first connecting
face 8A connects the gash bottom face 6B and the gash
wall face 6C; a space between the gash wall face 6C and
the end cutting edge rake face 6A, namely, the width of
the gash 6, is required to be a size that is not so large.
[0031] Thus, the wall thickness of the top portion of the
end mill body 1 formed between the gashes 6, which are
adjacent to each other radially, can increase; and then
the rigidity of the top portion of the end mill body 1 on the
rear side in the end mill rotating direction T of the end
cutting edge 7 also can be improved.
Therefore, the top portion of the end mill body 1 formed
between the gashes 6 is reliably prevented from fractur-
ing, and then the tool life of the end mill can be further
extended.
These subjects are effective for an end mill in which

the number of the end cutting edges 7 is three or
more, such as this embodiment; and the wall thick-
ness of the top portion of the end mill body 1 formed
between the gashes 6 tends to decrease.

[0032] Next, Fig. 3
shows a second embodiment of the invention, and
is a sufficiently magnified view of a portion equivalent to
the gash bottom face 6B of the first embodiment in a
cross-sectional view perpendicular to the intersecting
ridgeline between the end cutting edge rake face 6A and
the gash bottom face 6B.
The parts common to those of the first embodiment have
the same reference numerals as the first embodiment.
Thus, description of such parts is omitted.
[0033] In the first embodiment, the first and second
connecting faces 8A and 8B have a concave curved (con-
cave circular-arc) shape in the cross-section.
On the other hand, in the second embodiment, first and
second connecting faces 9A and 9B have a substantially
concave curved shape formed with straight lines in the
cross-section. In this shape, the cross-section shows
that:

the end cutting edge rake face 6A, the gash bottom
face 6B, and the gash wall face 6C are straight lines;
a first connecting face 9A formed with straight lines
connects the end cutting edge rake face 6A and the
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gash bottom face 6B;
a second connecting face 9B formed with straight
lines connects the gash bottom face 6B and the gash
wall face 6C;
the first connecting face 9A intersects the end cutting
edge rake face 6A and the gash bottom face 6B at
an obtuse angle respectively; and
the second connecting face 9B intersects the gash
bottom face 6B and the gash wall face 6C at an ob-
tuse angle respectively.

[0034] Additionally, radius R2 of a circle inscribed in
the straight lines forming the first connecting face 9A is
larger than radius r2 of a circle inscribed in the straight
lines forming the second connecting face 9B.
In this embodiment, the radius R2 about the first con-
necting face 9A is set in the range of from 0.04�D to
0.08�D, and the radius r2 about the second connecting
face 9B is set in the range of from 0.01�D to 0.05�D. D
is the external diameter of the end cutting edge 7.
[0035] In this second embodiment, the end mill has a
construction wherein the first and second connecting fac-
es 9A and 9B having a substantially concave curved
shape formed with straight lines intersect the end cutting
edge rake face 6A, the gash bottom face 6B, and the
gash wall face 6C at a great angle respectively in the
cross-section.
Thus, such a construction can control the stress concen-
tration, compared to a construction wherein:

the end cutting edge rake face 6A and the gash bot-
tom face 6B intersect each other at a not so great
angle; and/ or
the gash bottom face 6B and the gash wall face 6C
intersect each other at a not so great angle.

Additionally, the chips generated by the end cutting edge
7 can flow out and go along the circular arc of a circle
inscribed in the straight lines forming the first and second
connecting faces 9A and 9B in the cross-section.
Thus, the chips can flow smoothly in a similar manner to
the first embodiment in which the chips can flow along
the concave curves (concave circular-arcs) forming the
first and second connecting faces 9A and 9B in the cross-
section.
[0036] Also, the radius R2 of a circle inscribed in the
straight lines forming the first connecting face 9A is larger
than the radius r2 of a circle inscribed in the straight lines
forming the second connecting face 9B in the cross-sec-
tion.
Thus, in a similar manner to the first embodiment, this
construction

can control the increasing of cutting resistance by
the chips;
can reduce the width of the gash 6; and
can prevent the end mill body 1 from fracturing.
The connecting faces 9A and 9B can be formed eas-

ily, compared to the first embodiment.
In the first embodiment,
the first connecting face 8A having a concave curved
shape in a cross section, connects smoothly the end
cutting edge rake face 6A and the gash bottom face
6B; and
the second connecting face 8B having a concave
curved shape in a cross section, connects smoothly
the gash bottom face 6B and the gash wall face 6C.
This is an advantage of this embodiment.

[0037] In addition, in this second embodiment, a con-
struction is usable wherein, in the cross-section,
the first connecting face 9A has a straight line shape, and
connects the end cutting edge rake face 6A and the gash
bottom face 6B;
the second connecting face 9B has a straight line shape,
and connects the gash bottom face 6B and the gash wall
face 6C; and
the substantially concave curve is formed with the
straight lines, namely, these connecting faces, the end
cutting edge rake face 6A, the gash bottom face 6B, and
the gash wall face 6C.
Also, another construction is usable wherein
the first connecting face 9A, which is formed with straight
lines intersecting each other at an obtuse angle, connects
the end cutting edge rake face 6A and the gash bottom
face 6B; and
the second connecting face 9B, which is formed with
straight lines intersecting each other at an obtuse angle,
connects the gash bottom face 6B and the gash wall face
6C.
In the above two constructions, lines which
are two of the straight lines forming the substantially con-
cave curve, and
are next to each other;
intersect each other at an obtuse angle of 120 deg. or
more, preferably.
[0038] Additionally, in the first and second embodi-
ments, in the cross-section,
if the radius of curvature R1 of a concave curve (concave
circular-arc) of the first connecting face 8A is too small, or
if the radius R2 of a circle inscribed in the straight lines
forming the substantially concave curve, namely, the first
connecting face 9A, is too small;
then the chips are hindered from flowing smoothly.
Further, in such cases; since
the radius of curvature r1 of the second connecting face
8B, needs to be smaller than R1,
or
the radius r2 of the circle inscribed in the straight lines
forming the second connecting
face 9B, needs to be smaller than R2;
chip clogging and/or stress concentration may arise.
On the other hand, if the radius R1 or R2 is too large;
such a radius R1 or R2 will necessitate a reduction of the
radius r1 or r2 of the second connecting face 8B or 9B,
or an increase in the width of the gash 6.
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[0039] The same as the above,
if the radius r1 or r2 of the second connecting face 8B or
9B is too small, chip clogging and/or stress concentration
may arise in the second connecting face 8B or 9B.
On the other hand, if the radius r1 or r2 of the second
connecting face 8B or 9B is too large, then the radius R1
or R2 of the first connecting face 8A or 9A needs to be
larger than such a radius r1 or r2. Thus, the problem of
increasing the width of the gash 6 may arise.
Therefore, as in the description of the first and second
embodiments given above,
the radius R1 or R2 of the first connecting face 8A or 9A
is set in the range of from 0.04�D to 0.08�D, and
the radius r1 or r2 of the second connecting face 9A or
9B is set in the range of from 0.01�D to 0.05�D, pref-
erably:
wherein D is the external diameter of the end cutting edge
7.
[0040] In the above description,
in the first embodiment, both first and second connecting
faces have a concave curved shape in a cross-section;
and,
in the second embodiment, both first and second con-
necting faces have a substantially concave curved shape
formed with straight lines in a cross-section.
Further, another case is usable:
wherein a cross-section shows that

the first connecting face has a concave curved
shape, and the second connecting face has a sub-
stantially concave curved shape formed with straight
lines; or
the first connecting face has a substantially concave
curved shape formed with straight lines, and the sec-
ond connecting face has a concave curved shape.
In this case,
the radius of the concave curve of the first connecting
face, or
the radius of a circle inscribed in the straight lines
forming the first connecting face; is larger than
the radius of the concave curve of the second con-
necting face, or
the radius of a circle inscribed in the straight lines
forming the second connecting face.

[Description of Reference Numerals and Signs]

[0041]

1: END MILL BODY
3: CUTTING EDGE PART
4: FLUTE
4A: PERIPHERAL CUTTING EDGE RAKE FACE
5: PERIPHERAL CUTTING EDGE
6: GASH
6A: END CUTTING EDGE RAKE FACE
6B: GASH BOTTOM FACE
6C: GASH WALL FACE

7: END CUTTING EDGE
8A, 9A: FIRST CONNECTING FACE
8B, 9B: SECOND CONNECTING FACE
O: AXIS OF END MILL BODY 1
T: END MILL ROTATING DIRECTION

[0042] R1, r1: RADIUS OF CURVATURE OF CON-
CAVE CURVE FORMING FIRST OR SECOND CON-
NECTING FACE 8A OR 8B IN CROSS-SECTION PER-
PENDICULAR TO INTERSECTING RIDGELINE BE-
TWEEN END CUTTING EDGE RAKE FACE 6A AND
GASH BOTTOM FACE 6B
[0043] R2, r2: RADIUS OF CIRCLE INSCRIBED IN
LINES FORMING FIRST OR SECOND CONNECTING
FACE 9A OR 9B IN CROSS-SECTION PERPENDICU-
LAR TO INTERSECTING RIDGELINE BETWEEN END
CUTTING EDGE RAKE FACE 6A AND GASH BOTTOM
FACE 6B

Claims

1. An end mill in which
an end mill body rotates on an axis;
a flute is formed in a periphery of a top portion of the
end mill body;
a gash is formed in a top portion of the flute;
the gash has a shape which is like a shape formed
by cutting out a wall face of the flute which faces an
end mill rotating direction;
a wall face of the gash which faces the end mill ro-
tating direction, is an end cutting edge rake face; and
an end cutting edge is formed along a top side ridge
portion:
wherein,
a gash bottom face of the gash is formed between
the end cutting edge rake face and the wall face of
the gash which faces the rear side in the end mill
rotating direction;
connecting faces connect the gash bottom face and
the end cutting edge rake face, and connect the gash
bottom face and the gash wall face;
the connecting faces have a concave curved shape
or a substantially concave curved shape formed with
straight lines in a cross-section perpendicular to an
intersecting ridgeline between the end cutting edge
rake face and the gash bottom face;
the connecting face which connects the gash bottom
face and the end cutting edge rake face, is a first
connecting face;
the connecting face which connects the gash bottom
face and the gash wall face, is a second connecting
face; and
a radius of curvature of the first connecting face is
larger than a radius of curvature of the second con-
necting face in the above cross-section, or
a radius of a circle inscribed in the straight lines form-
ing the first connecting face is larger than a radius
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of a circle inscribed in the straight lines forming the
second connecting face in the above cross-section.

2. The end mill according to Claim 1 wherein
the radius of curvature of the first connecting face is
in the range of from 0.04�D to 0.08�D, or
the radius of a circle inscribed in the straight lines
forming the first connecting face is in the range of
from 0.04�D to 0.08�D, in the cross-section; and
D is the external diameter of the end cutting edge.

3. The end mill according to Claim 1 or 2, wherein
the radius of curvature of the second connecting face
is in the range of from 0.01�D to 0.05�D, or
the radius of a circle inscribed in the straight lines
forming the second connecting face is in the range
of from 0.01�D to 0.05�D, in the cross-section; and
D is the external diameter of the end cutting edge.

4. The end mill according to any one of Claims 1 to 3,
wherein three or more end cutting edges are formed
at the top of the end mill body.
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